Rare Cu-Bi sulphosalt, hodrušite, occurs in the Rozália vein (levels X-XIV of the Rozália mine, Hodruša-Hámre ore deposit near Banská Štiavnica, central Slovakia) in two unusual morphological forms. The first type are brownish bronze thin acicular striated crystals, up to 3 mm long, in drusy cavities of quartz-hematite gangue, which are usually grouped into chaotic or irregular aggregates. The second hodrušite type comprises flattened columnar aggregates, up to 1.5 cm long, overgrown by hematite in quartz gangue. These aggregates are distinctly striated with brownish bronze colour and metallic lustre. Abundant W-and Al-rich hematite, chalcopyrite, kaolinite/dickite, siderite, baryte, rare bismuthinite and kupčíkite were found in the association. The earliest columnar aggregates of hodrušite are locally substantially replaced by bismuthinite; these hodrušite-bismuthinite aggregates are further intensively pushed back by hematite displaying W-and Al-rich zones. Acicular crystals of hodrušite in gangue cavities were later than bismuthinite and hematite and their formation was related to remobilisation of Cu and Bi from earlier altered gangue. Powder X-ray diffraction data and chemical composition of both hodrušite types are similar; their unit-cell parameters were refined (monoclinic space group C2/m) as: a 17.552(5), b 3.905(1), c 27.167(9) Å, β 92.44 (3) o , V 1860.5(9) Å 3 (acicular crystals) and a 17.567(2), b 3.9151 (7), c 27.155(5) Å, β 92.43 (1) o , V 1865.9(4) Å 3 (columnar aggregates). Cu-for-Bi substitution is characteristic of both hodrušite types; it influences calculated N chem values (0.98-1.33) to the point that it is impossible to distinguish hodrušite (ideal 1.5) from kupčíkite (ideal 1.0). The problem is resolved by Fe and Ag contents: kupčíkite has more than 2 at. % Fe, cuprobismutite contains more than 2 at. % of Ag; hodrušite usually has Ag and Fe contents below 2 at. %. Hematite is remarkable for its high WO 3 content reaching 4.96 wt. % (0.04 apfu), extremely unusual of a hematite from hydrothermal vein mineralization. Tungsten probably enters the hematite structure via the 2Fe 3+ ↔W 6+ +□ substitution.
Introduction
Rare Bi sulphosalt of the cuprobismutite homologous series, hodrušite, was described as a new species from V and VI levels of the Rozália vein located near Hodruša-Hámre in the Slovak Republic. In the holotype material, hodrušite forms irregular aggregates or, rarely, intergrowths of platy crystals, up to 5 mm in length. It occurs in quartz-hematite gangue together with chalcopyrite and wittichenite (Koděra et al. 1970) . Besides the type locality, hodrušite was observed only occasionally. Hodrušite in association with sulphosalts of bismuthinite-aikinite series was described from Julcani ore district, Peru (Crowley et al. 1997) . Lamellar aggregates of hodrušite together with makovickyite, cuprobismutite, paděraite and bismuthinite derivates were found in the Paulus mine at the Ocna de Fier skarn deposit, Romania (Cook and Ciobanu 2003) . Hodrušite was also identified This paper presents data on unusual morphological types of hodrušite from the type locality, with particular focus on the chemical composition of hodrušite and associated minerals. It is a follow-up of a detailed study of hodrušite and a rich assemblage of associated sulphosalts from the gangue corresponding with the original hodrušite material (Jeleň et al. 2012) . Fig. 1a -Geological-structural sketch map of the central zone of the Štiavnica stratovolcano (after Lexa et al. 1999) . b -Schematic E-W cross section of the Rozália vein (according to Koděra et al. 2005) .
Geological setting
The base-metal (Cu ± Pb, Zn) Rozália vein mined by Rozália mine is situated about 2 km SE of Hodruša-Hámre village in the Štiavnické vrchy Mts. (Slovak Republic) (GPS 48° 27' 25.01" N, 18° 51' 10.11" E) . Epithermal base-to precious-metal mineralization is a part of the extensive vein system of the Štiavnica-Hodruša ore field located in the central part of the Štiavnica stratovolcano (Fig. 1a) . The system of epithermal veins evolved from, and was controlled by, faults related to resurgent horst tectonics in the central part of caldera. Associated hydrothermal activity led to the formation of an extensive epithermal system, including more than 120 veins and veinlets over an area of about 100 km 2 (Lexa et al. 1999; Lexa 2001 ). On the basis of structure, vertical extent, spatial distribution and dominant mineral association, three types of epithermal veins were distinguished: (i) Štiavnica-type veins, which are sulphide-rich basemetal veins ± Au located in the eastern/central part of the horst; (ii) Hodruša-type veins with Ag-Au ± base-metal mineralization in central/western part of the horst and (iii) Kremnica-type veins with Au-Ag minerals related to the marginal faults of the horst (Lexa et al. 1999) .
The Rozália vein is one of the main Štiavnica-type basemetal ore veins in the region of Hodruša-Hámre, known since the 17 th century. The vein is hosted in propylitized andesite and quartz-diorite porphyry (Koděra 1959) . Main exploration and mining of this vein started in 1951 only and definitely ceased in 1990 (Koděra and Lexa 2010) . Since 1992, the Rozália mine changed exploration and ore production from Rozália vein to the system of older subhorizontal intermediate-sulphidation, caldera-related veins with Au mineralization, which are being mined ever since (Koděra et al. 2005) . The economically important part of the Rozália vein is more than 3 km long and 0.3-5 m thick (typically 0.3-1 m), generally trending N-S and dipping 40-50° to the E (Fig.  1b) . The structure of the vein filling is mostly brecciated or drusy (Koděra 1959) . According to the same author, the vein filling was formed during the six mineralization periods and it represents deep (Cu-rich) part of the Štiavnica-type veins. The dominant and most important are the second (base-metal) period with galena, sphalerite and chalcopyrite in the upper part and the fourth (copper) period with chalcopyrite in the lower, northern and central parts of the vein. The gangue minerals are mainly quartz, carbonates (siderite and calcite) and hematite. Small amounts of baryte were also observed. The occurrence of bismuth sulphosalts, bornite, scheelite as well as hematite characterizes the deeper parts of the vein. Bismuth sulphosalts were formed during the fifth mineralization period (Koděra et al. 1970; Koděra 1981) . Hodrušite, emplectite and wittichenite together with hematite and chalcopyrite are the most common minerals and Cu-Pb-Bi sulphosalts of the bismuthinite-aikinite series, sulphosalts of pavonite and cuprobismutite homologous series, galena-matildite solid solution, paděraite and berryite as well as Ag sulphosalts (polybasite, Ag-tetrahedrite) occur in subordinate amounts (Koděra et al. 1970; Makovicky and MacLean 1972; Kovalenker et al. 1993; Jeleň and Háber 1995; Jeleň et al. 2012) .
The newly studied samples were collected in 1988 and 1989 by M. Novák (Brno) and Z. Němec (Havířov) in the ore material from the Rozália vein; the samples come from large ore blocks (up to 1 m 3 ) prepared for crushing before processing in the flotation plant. The stopes between the levels X and XIV of the Rozália mine were exploited at that time (P. Žitňan, pers. comm.). Hence this new material does not correspond to the samples from levels V and VI of the Rozália vein, from which hodrušite was originally described as a new species. 
Experimental techniques

Morphological study
The hodrušite specimens were documented by an Olympus SZ61 optical microscope in combination with an Olympus SP-350 digital camera and QuickPHOTO MI-CRO 2.2 software (Faculty of Natural Sciences, Comenius University, Bratislava). Depth of field of the photos was controlled by stacking a number of co-axial pictures using the Deep Focus 3.1. software. Polished sections were prepared for optical investigation and chemical analysis using standard diamond-polishing techniques. Optical properties in reflected light were observed with a Nikon Eclipse ME600 microscope.
3.2. X-ray powder diffraction study X-ray powder diffraction patterns were obtained from hand-picked samples using a Bruker D8 Advance diffractometer equipped with a solid-state 1D LynxEye detector using CuK α radiation (National Museum, Prague). In order to minimize the background, the powdered samples were placed on the surface of a flat silicon wafer from acetone suspension. The positions and intensities of diffractions were found and refined using the Pearson VII profile-shape function of the ZDS program package (Ondruš 1993) , and the unit-cell parameters were refined by the least-squares program by Burnham (1962) .
Chemical analyses
Quantitative chemical composition of hodrušite and associated minerals were determined with a Cameca SX100 electron-probe microanalyser (Faculty of Science, Masaryk University Brno), operated in the wavelengthdispersive mode at the following conditions (DL = detection limit). Sulphosalts: 25 kV, 20 nA, electron-beam diameter less than 1 μm and standards: Ag (AgL α , DL 0. 
Results and discussion
Minerals of the cuprobismutite homologous series (hodrušite, kupčíkite)
Two morphological types of hodrušite occur in the drusy cavities of the quartz-hematite gangue, which occasion- (Yvon et al. 1977 ) from crystal structure information of hodrušite (Topa et al. 2003a) ally contains aggregates of massive chalcopyrite up to 2 cm across. The first type is represented by brownish bronze acicular hodrušite crystals up to 3 mm in length. Crystals are often striated and usually grouped into chaotic or irregular aggregates (Fig. 2) . The drusy cavities of gangue are up to 1.5 cm across and, besides hodrušite, they also contain well developed crystals of transparent quartz up to 2 mm long, metallic tabular crystals or rosettes of hematite (< 2 mm), aggregates of brownish-yellow siderite discs as well as rarely observed well developed crystals of chalcopyrite (< 3 mm) and white tabular crystals of baryte (< 5 mm). The acicular crystals of hodrušite grew on aggregates where hodrušite partially replaces bismuthinite at the cavities' walls (Fig. 3a) . At margins of these acicular crystals, some <10 μm wide lamellar zones with chemical composition of kupčíkite were occasionally found.
The second type of hodrušite forms flattened columnar aggregates up to 1.5 cm in length (Fig. 3b) overgrown by hematite in quartz-hematite gangue. The hodrušite aggregates are distinctly striated with brownish bronze Kupčík and Makovicky (1968) colour and metallic lustre. In the association, metallic aggregates of hematite up to 2 cm, chalcopyrite grains reaching 1 mm and white earthy aggregates of kaolinite/ dickite up to 5 mm across were observed. The columnar hodrušite is extensively replaced by later bismuthinite (Fig. 3c) ; these hodrušite-bismuthinite aggregates are strongly pushed back by zoned hematite (Fig. 3d ). In the hodrušite aggregates, there are only few occurrences of marginal lamellar zones up to 40 μm wide, with the chemical composition of kupčíkite. Powder X-ray data acquired from both hodrušite types are very close to each other. Positions of diffraction maxima match the only data published so far for this mineral (Koděra et al. 1970 ), using 57.3 and 114.7 mm powder film cameras, and differ significantly from the theoretical data for kupčíkite given by Topa et al. (2003b) . Comparing the experimental pattern with that calculated from the crystal structure data of hodrušite (Topa et al. 2003a ), significant differences in intensities of individual diffraction maxima were observed (see Tab. 1). This effect cannot be explained by a simple preferred sample orientation. It might be caused by the acicular shape of hodrušite crystals. Similar situation was also described for another fibrous sulphosaltmarrucciite (Sejkora et al. 2011 ). The refined unit-cell parameters (Tab. 2) are consistent with those reported previously for hodrušite samples (Kupčík and Makovicky 1968; Topa et al. 2003a) . Makovicky and MacLean 1972; Kovalenker et al. 1993; Topa et al. 2003a; Jeleň et al. 2012 ) and other occurrences (Cook and Ciobanu 2003; Topa et al. 2003a, b; Pršek et al. 2005; Márquez-Zavalía et al. 2012; Pieczka and Gołębiowska 2012) . All members of the cuprobismutite homologous series: c -N chem vs. Fe (at. %) graph; d -N chem vs. Ag (at. %) graph. Published data sources: hodrušite (Makovicky and MacLean 1972; Kovalenker et al. 1993; Cook and Ciobanu 2003; Topa et al. 2003a, b; Pršek et al. 2005; Jeleň et al. 2012; Márquez-Zavalía et al. 2012; Pieczka and Gołębiowska 2012) ; kupčíkite (Topa et al. 2003a, b; Jeleň et al. 2012; Pieczka and Gołębiowska 2012) ; cuprobismutite (Cook and Ciobanu 2003; Topa et al. 2003a, b; Pršek et al. 2005; Jeleň et al. 2012; Pieczka and Gołębiowska 2012) .
General formula of minerals of the cuprobismutite homologous series can be expressed as (Cu,Fe) 8 (Bi,Sb,Ag,Pb,Cd) 10+4(N-1) (S,Se) 4N+16 ; the N chem number of cuprobismutite homologues is defined by the relation 2("Bi"/"Cu")-1.5; where "Bi" is Bi + Sb + Ag + Pb + Cd + Zn and "Cu" is Cu + Fe (Topa et al. 2003a) . On this basis, kupčíkite with an ideal formula (Cu 3.4 Fe 0.6 ) Σ4 Bi 5 S 10 is a homologue with N chem = 1, hodrušite (Cu,Fe) 8 (Bi,Ag) 12 S 22 has N chem = 1.5, and cuprobismutite Cu 8 (Bi,Ag) 14 S 24 is a homologue with N chem = 2.
The chemical composition of both newly studied hodrušite types is -with the exception of minor Ag contents -very similar (Tab. 3). Calculated N chem values (0.98-1.29 for acicular crystals; 1.10-1.33 for columnar aggregates) are anomalously low compared to the ideal hodrušite (N chem = 1.5) (Fig. 4a-b) . Considering our and published data for minerals of the cuprobismutite homologous series (Fig. 4c-d) , it is concluded that the calculated N chem values cannot be used for unambiguous determination of hodrušite from kupčíkite. The anomalous N chem values are, according to Topa et al. (2003a) , caused by a Cu-for-Bi substitution, as discovered by the crystal structure study of Cu-enriched hodrušite from Swartberg, South Africa (with N chem ~ 1.3). Our hodrušite samples indicate a large extent of this isomorphism (Fig. 5a ) influencing the calculated N chem values significantly.
Minor contents of Fe and Ag (Fig. 5b) , corresponding to Fe-for-Cu and Ag-for-Bi substitutions, characterize individual minerals of the cuprobismutite homologous series (Topa et al. 2003a, b) . Kupčíkite shows an increased Fe content (more than ~2 at. %), Ag content is low (up to 1 at. %); cuprobismutite contains only little Fe (be- Fig. 5a -Cu vs. Bi (at. %) graph for studied hodrušite from Hodruša-Hámre (this paper); dashed line corresponds to an ideal Cu-for-Bi substitution. b -Ag vs. Fe (at. %) graph for all members of cuprobismutite homologous series The same data sources as for Fig. 4c-d . c -Ag vs. Fe (at. %) graph for hodrušite. The same data sources as for Fig. 4a-b . d -Ag vs. Fe (at. %) graph for kupčíkite from Hodruša-Hámre (this paper; Jeleň et al. 2012) and from other occurrences (Topa et al. 2003a, b; Pieczka and Gołębiowska 2012) . low 1 at. %) and Ag content is higher than ~2 at. %. Hodrušite analyses fall at the junction of the trends observed in kupčíkite and cuprobismutite. It always contains less than 2 at. % of Ag and Fe (Fig. 5b) . While iron contents in both newly studied hodrušite types (Fig. 5c ) are mutually comparable (acicular aggregates: 0.90-1.26, columnar aggregates: 0.75-1.56 at. % Fe); columnar aggregates are slightly richer in Ag than the acicular crystals (0.51-0.90 vs. 0.27-0.47 at. % Ag, respectively). As shown in Fig. 5b-c , the Fe and Ag contents are more reliable for distinguishing individual members of the cuprobismutite homologous series than the calculated N chem values, which can be substantially influenced by the Cu-for-Bi substitution ( Fig. 4c-d) .
Pb-for-Bi substitution is insignificant in our hodrušite; variable contents less than 0.15 at. % Pb were detected in both types. Higher Pb in minerals of this group (e.g., Pršek et al. 2005) can indicate the presence of other structurally close mineral phases -pizgrischite (c. 2 wt. % Pb, Meisser et al. 2007) or paděraite (c. 7 wt. % Pb, Topa and Makovicky 2006) . Selenium content in the hodrušite columnar aggregates (0.5-0.8 wt. %) is similar to that in sulphosalts from the hodrušite type material (Jeleň et al. 2012 The calculated N chem values for the kupčíkite rarely observed here (Tab. 4), 0.64-1.04, indicate a Cu-for-Bi substitution. The Fe (2.9-5.6 at. %) and Ag (up to 0.4 at. %) contents correspond to the values found in kupčíkite from Hodruša--Hámre (Fig. 5d) but are significantly higher than those published for kupčíkite from other localities (Topa et al. 2003a, b; Pieczka and Gołębiowska 2012) .
Bismuthinite
Rare bismuthinite forms aggregates with acicular hodrušite (Fig. 3a) on the cavity walls in the quartzhematite gangue. Bismuthinite is more abundant in association with columnar aggregates of hodrušite, where it forms irregular grains up to 0.2 mm across, with the hodrušite being overprinted by bismuthinite (Fig. 3c) . The hodrušite-bismuthinite aggregates are intensively replaced by zoned hematite (Fig. 3d) X-ray powder diffraction data for the bismuthinite match the reference patterns from the ICDD PDF2 database (43-1471). The refined unit-cell parameters are consistent with the data published for this mineral species (Tab. 5).
The empirical formula Cu x Pb y Bi 8-1/2(x+y) S 12 was used for calculation of bismuthinite on the basis of (Cu + Pb)/2 + Bi = 8 apfu, after Makovicky and Makovicky (1978) . The position of these phases in the bismuthinite-aikinite series is described by the hypothetical percentage of the aikinite end member n aik = 25(x + y)/2. The value of Δn aik = ±12.5(y -x) expresses the accuracy of the analytical data. Minor contents of Pb (up to 2.05 wt. %), Cu (up to 1.34 wt. %) and Fe (up to 1.22 wt. %) are typical of the studied bismuthinite (Tab. 6). Calculated values of n aik = 3.1 -7.6 are under the upper limit of the solid-solution field of bismuthinite (e.g. Topa et al. 2002; Cook and Ciobanu 2003) .
W-and Al-rich hematite
Hematite represents a very abundant mineral component of the studied gangue (approx. 20-30 vol. % or even more). It forms metallic aggregates up to 2 cm across which consist of tabular crystals up to 2-3 mm; small fragments shine through red. Hematite aggregates overprint earlier hodrušite-bismuthinite aggregates (Fig. 3d) in the gangue. In the gangue cavities up to 1.5 cm across are locally abundant well-formed tabular crystals or rosettes of hematite in a size up to 2 mm.
X-ray powder diffraction data for hematite agree with the reference patterns from the ICDD PDF2 database (33-0664); the refined unit-cell parameters (Tab. 7) correspond to the published data for hematite with analogous Al content (Feenstra et al. 2005 Empirical formulae were calculated on the basis of (Cu + Pb)/2 + Bi = 8 apfu (Makovicky and Makovicky 1978) ; Δn aik = ±12.5(y -x) value expresses the accuracy of the analytical data; n aik = 25(x + y)/2 -hypothetical percentage of the aikinite end member in formula Cu (Figs 3d, 6 ). The lighter zones are W-bearing domains with up to 4.96 wt. % WO 3 (0.04 apfu). Similarly zoned hematite with WO 3 contents up to 4.5 wt. % from VI level of the Rozália vein was described by Kalinaj (1992) . It occurred in association with Cu-Bi minerals including hodrušite and younger ferberite and scheelite. Similarly increased W content in hematite is extremely unusual (Bowles et al. 2011) ; it has only been described in hematite from MnFe-As vein mineralization at Sailauf (up to 0.8 wt. WO 3 %: Fusswinkel et al. 2013) 
Conclusions
The newly studied gangue material with hodrušite morphologically significantly differs from the type material from Hodruša-Hámre. The hodrušite that we describe here appears in simpler mineral association, which has only traces of kupčíkite and bismuthinite. It is likely that hodrušite samples studied in the present paper originated from deeper parts of the Rozália vein (levels X-XIV), in contrast to the original type material (level VI). The columnar hodrušite aggregates are locally replaced by bismuthinite, and are thus the oldest in the studied association. Hodrušite-bismuthinite aggregates are further intensively pushed back by compositionally zoned Wand Al-rich hematite. Acicular crystals of hodrušite in cavities of the gangue are younger than bismuthinite and hematite and their origin was probably related to Cu and Bi remobilisation from the older altered gangue. 0354 Total 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 of kupčíkite, more than 2 at. % of Ag typify cuprobismutite. Hodrušite usually contains below 2 at. % of either of these elements. Increased Pb content can indicate the presence of other structurally close mineral phases: pizgrischite (c. 0.9 at. % Pb) or paděraite (c. 3 at. % Pb).
Hematite that is spatially associated with hodrušite is characterized by increased W contents, locally reaching 4.96 wt. % WO 3 (0.04 apfu). Such a chemistry is unusual in hematite from hydrothermal mineralizations. Tungsten probably enters the hematite crystal structure via the substitution scheme 2Fe 3+ ↔W 6+ +□.
